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ABSTRACT

Global Warming isbecoming a huge problemfor society dueto Green House
Gas emission in the wake of modernization and urbanization. The process
by which carbon sinks remove carbon dioxide (CO,) from the atmosphereis
known as carbon sequestration. With the help of remote sensing and geo-
graphic information system (GIS) biomass and corresponding carbon se-
questration potential of the forest of Neyyar Wildlife Sanctuary is esti-
mated in this study. At alarge scale, forests offer better carbon sequestra-
tion than any other terrestrial landuse. Satellite data can be used to estimate
ground biomass, seasonal productivity and carbon sequestration. This study
provides a methodology to assess the biomass and carbon sequestration
potential with quick turnaround time. In this study with the acquired infor-
mation about the presence of different types of forests and their corre-
sponding capacity to store carbon in the Neyyar Wildlife Sanctuary have
been classified. Neyyar Wildlife Sanctuary, forming the catchments of the
Neyyar reservoir it is of 30 Kms east of Trivandram, the capital of Kerala.
Classified imageand NDV | imaged of the study areaare used to find out the
biomass for various vegetation classes. As aresult it is found that carbon
sequestration capacity of evergreen forestsis most followed by semi-ever-
green and deciduous forests. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

General

Green House Gases (GHGs) is one of the most
discussing eventsof today in national and international
levels. It is believed that anthropogenic increasein
GHGswill result intemperatureriseby 1.4t05.8°C
during next century. A 1°C riseintemperaturewill dis-
placethelimitsof tolerance of land speciessome 125

km towardsthe poles. CO,isamong the most impor-
tant anthropogenic GHG and now the enrichment of
theatmospherewiththisat concentrationsdightly above
370 p.p.m., isunquestioned. Becauseforestsplay an
important rolein the carbon cycle, radiation budget,
andinmaintaining climatic balance, variationin biom-
assquantity can beagood indicator of changesinthese
processes. Moreover, since the Kyoto protocol on
greenhouse gas emission reduction, forests have been
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targeted for reducing carbon emissions because they
store great quantitiesof carbon and exchangeit with
theatmospherethrough photosynthesisand respiration.
Around 3000 B.C, nearly 80% of Indiawasforested,
but in 1999t wascritically reduceto 19.4%. To over-
comethiscritica Stuation, study of present carbon bud-
get and concluding some enhancing measures of our
nativeforestishighly sgnificant.

Carbon sequestration

Carbon sequestration is a hot research field that
owesitslatest popularity totheupswingin global atten-
tion directed towardsgloba warming. Thephrase“car-
bon sequestration” refers to efforts to capture excess
carbon dioxidefrom the atmosphere, condenseit, and
storeit in some benign way. Carbon capture and stor-
age(CCD) technologiesareimplemented insomelim-
ited way in many fossil fuel power plants. The technol-
ogy for capturing isahead of thetechnology for storing,
whichisjust starting to be explored serioudy. Carbon
sequestration could be animportant part of thefight
agang greenhouse gases.

Themost primitiveform of carbon sequestration
would beto ssimply plant moretrees. Plantsnaturaly
take CO, from the atmosphere and output oxygen.
Much of the carbon from the CO, isintegrated into
thelr biomass and released safely into the soil upon their
deaths. A more sophisticated version of carbon seques-
trationwould bethe pursuit of artificid photosynthesis.
If the principlesof photosynthesiscould berdiably in-
stantiated in solar cell-like devices, they would both
generate power and removeexcesscarbondioxidefrom
the atmosphere, probably at rates substantially supe-
rior tothat of plants, which arelimited to acertain pal-
ette of chemical reactionsand approaches.

GlSand remotesensing

A Geographic Information Systemintegrateshard-
ware, software, and data for capturing, managing,
andysnganddisplayingdl formsof geographically ref-
erenced information. GISallowsusto view, understand,
question, interpret, and visudize datain many waysthat
reved relationships, patterns, and trendsin theform of
maps, reports, and charts.

Remote Sensingisthe science and art of acquir-
ing information about material objects, areas, or phe-
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nomenafrom remote. Specifically remotesensingis
the process of earth system observation from air or
space using sensors mounted on aircrafts or satel -
lites. The sensors detect and record the el ectromag-
netic radiation (EMR) reflected or emitted by the
earth objects.

Biomassestimation

Carbon sinks removes CO, from atmosphere
through absorption. There should be aprecise, accu-
rate and cost effective method for measuring the quan-
tity of carbon sequestration. Thereare many conven-
tional methodsfor quantification of sequestrated car-
bon. Many of these methods are complicated, expen-
sveandlimitedintheir coverage. Such limitationsim-
pede sound quantification and monitoring of carbon.
Remote Sending can provide answersagainst such mea:
surement and monitoring limitations.

Conventional methodsof biomassestimation

Severd methods have been used to estimateforest
biomass. Some of the commonly empl oyed techniques
are(i) theharvest of average sizetreeseither for stand
or withingivensizeclasses, (ii) theharvest of al mate-
rialsinanunit area, and (iii) theharvest of individuals
over awiderangein sizeand establishing therelation-
ship between biomassand easily measureableplant pa-
rameters, such as, diameter and/or height. The height-
diameter at breast height (h-dbh) relationship to biom-
assinforest standiswell formulated.

Biomassestimation - aremote sensing approach

It ispossibleto useremote sensing canopy reflec-
tancemodd sfor estimating foliage, woody biomassand
productive potentid. Biomassdistributioninforest eco-
systemisafunction of vegetationtype, itsstructureand
stecondition. Ground based samplinginfunctiond ho-
mogenous vegetation categoriesisan gpproach which
hasfound acceptability in therecent past. Earlier stud-
ieshaveinvestigated therel ationship of spectral veg-
etation indicesderived from satellite datato surface
vegetation parameters using correl ation or regression
anaysis. The present study aimsto quantify biomass
distributionusing satdllitedataintropica forest of West-
ern Ghats. Theseforests are characterized by hetero-
geneity, temporal variationsdueto changein penology
and background reflectance.

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 6(5), 2011

J.Firmin Linus et al.

Rationale of thestudy

Traditional methodsof estimating forest biomassat
thetreelevel useallometric equations, by measuring
treewood density, height and diameter at breast height
(DBH). These methods are destructive, time consum-
ing, expensive, and feasibleto small areasonly. Satel-
liteimagesare good sourcefor plant productivity mea
surement through biomass and carbon content mea-
surements of vegetation. Healthy vegetation absorbs
blue- and red-light energy to fuel photosynthesisand
reflect near infrared wavel engths. A plant with more
chlorophyll will reflect more near-infrared energy than
anunhedthy plant. Thus, analyzing thespectrum of both
absorption (R) and reflection (NIR) of plantscan pro-
vide productivity and finally the carbon content. Veg-
etationindex (V1) isameasureof theratio betweenthe
radiance valuesin R and NIR wave bands. A more
specific representation of the vegetation index isthe
Normadized DifferenceVegetation Index (NDVI) which
isanormalizedratio of theNIR and R bands.
NDVI =(NIR-R)/(NIR+R) (1)
Resear ch objectives
General objectives

Themain objective of the study isto estimate the
carbon sequestration potential and the present carbon
budget of the study area. To achievethisobjective, the
followingtasksarecarried out:

Specific objectives

e Generation of NDVI map of thearea

o Foresttypemapusingdigital classification of satel-
litedata

e Cadculation of areasof different natura forest types

e Comparison of the present biomass of unit areas of
different forest types.

¢ Toestimatethe present carbon budget in the study
area.

EXPERIMENTAL

General

TheNeyyar Wildlife Sanctuary issituated about 32
km fromthe city of Thiruvananthapuram, the capital
city of Kerala. TheNeyyar Wildlife Sanctuary isasoa
part of thebeautiful Neyyar Reservoir, whichisan ex-
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cdllent tourist destination and the place offersexcellent
conditionsfor boating. The scenic Agasthyakoodam
Peak, rising to aheight of about 1890 metersabovethe
sealevel, islocated in close proximity to thiswildlife
sanctuary.

Sudy area

a3 TUDY AREA

TFNE

1:60 000
us 1

boundary

Figurel: Neyyar wild lifesanctuary, the Souther n most
protected area of Western Ghats.

Theareasdected for the study isthe Neyyar river
basin constituting the catchment areaof Neyyar reser-
voir. Itincludesthedrainage basinsof itstributaries,
Mullayar and Kdlar and formspart of the Neyyar Wild-
life Sanctuary in Thiruvananthgpuramdigtrict. Itisspread
over the southeast corner of the Western Ghats, and
coversatotal areaof 128 sqkm. Itislocated between
77°8 and 77°17’ E longitudes and between 8°29° and
8°37° N latitudes.

Data used

o Satellitelmage- IRSP6 LISS 4 Image of theyear
2007.

e Toposheet of the study areaof the year 1998.

¢ Forest Divison Boundary map given by the Forest
Department of KeraaGovernment.

e Fielddata

Satellitedata

TheLISS-1V imageisamultispectra high resolu-
tion imagewith aspatial resolution of 5.8m at nadir.
Thisimage can be obtai ned in two modesbased onthe
operating mode of thecamera: i) Mono-spectra andii)
Multi-spectral. In multi-spectral mode, dataare col-
lected inthree spectral bands,
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0.52t0 0.59 microns (Band 2-Green)

0.62t00.68 microns (Band 3-Red)

0.76t0 0.86 microns (Band 4-NIR)

Inthemultispectral mode, the sensor providesdata
corresponding to pre-salected 4096 contiguous pixels,
corresponding to 23.9km swath.

In Mono mode, thedataof full 12K pixelsof any
one selected band, corresponding to aswath of 70 km
can betransmitted. Normally, Band-3 dataaretrans-
mitted inthismode.

Orbit parameters

TheLISSIV havean dtitudeof 817kmandincli-
nation of 98.96 degree. Thespecificationof LISSIV is
showninTABLE 1.

TABLE 1: Orbit Parameters

Orbitgcycle 341
Semi major axis 7195.11 km
Altitude 817 km
Inclination 98.69 deg
Eccentricity 0.001
Number of orbits/day 14
Orbital period nlq?nlj;
Repetivity 24 days
Distance between adjacent paths 117.5km
tl?;tlfgce between successive ground 2820 km
Ground trace vel ocity 6.65 km/sec
Equatorial crossing time 10.30A.M
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Resolutions

Thegpatia resolutionof IRSLISS4imageis5.8m,
and inthe Multi-spectral mode, dataare collectedin
three spectra bands,

B2: 0.52—0.59, (green); B3: 0.62—0.68, (red);
B4: 0.77—0.86 (NIR)

TABLE 2: Spectral Resolution

Band  Wavelength Region (um) Resolution (m)
1 0.52-0.59 (green) 6
2 0.62-0.68(red)
3  0.77-0.86 (near-IR)
4 155-1.70 (mid-IR)
pan 0.62-0.68 (red)

[ o> e ) RN o))

LISS1V Specifications

The LISS-IV image hasthe additional feature of
off-nadir viewing capability by tilting thecameraby +/-
26 degree. Thisway it can providearevisit of 5 days
for any given ground areaand itsspecification aregiven
below inTABLE 3

TABLE 3: Specification of Lissivimage.

IGFOV (Across Track) 58m
Ground sampling distance 58m
Spectral Bands B2, B3, B4
. 23.9 km(multispectral mode)
Swath width 70 km(mono-spectral mode)
B2=55
Saturation radiance B3=47
B4=31.5
Integration time 0.877714 msec
Quantization 10 bits
SoftwareUsed

Following software have been used for satdlliteim-
ageanalysis, and for the generation of biomass map
throughNDVIAndyss.

e ArcGIS9.3
e Eradasimagine9

ArcGlSan overview

ArcGISprovidesascalableframework for imple-
menting GISfor asingleuser or many users on desk-
tops, inservers, over theWeb, andinthefied. ArcGIS
isanintegrated family of GIS software productsfor
buildingacomplete GIS. It consistsof severa primary
frameworksfor deploying GIS:

e ArcGIS Desktop - An integrated suite of profes-
siond GISapplications.

o Saver GIS-ArcIMS, ArcGIS Server, and ArcGIS
Image Server.

e MobileGIS-ArcPad andArcGISMobilefor field
computing.

ArcGIS Desktop gives you an overview of the
ArcGIS Desktop system and shows that how to ac-
cessthebasicfunctionsof the software. Themain ap-
plicationinArcGISisArcMap, whichisused for all
mapping and editing tasks as well as for map-based
query and analysis. ArcM ap representsgeographicin-
formation asacollection of layersand other e ementsin
amap view. Therearetwo primary map display pands
inArcMap: the data frame and the layout view. The
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Figure2: M ethodology Flowchart

dataframe providesageographic “window”, or map
frame, in which you can display and work with geo-
graphicinformation asaseriesof map layers. Whenthe
mapsarecreated inArcMap, it will automatically ap-
pend afile extension (.mxd) to your map document
name. All themapsyou composeinArcMap are saved
to anArcMap document file named with a.mxd exten-
sion. Map document filesare managed in file system
folders.

ERDASan overview

ERDASIMAGINE, the geographicimaging soft-
warefavored by remotesenang professionas, only gets
better with each new release. ERDASIMAGINE 9.2
addsadvancedimage handling toolsthroughtheIMAG-
INE Geospatial Light TABLE™ interface, superior
mosal cking functions, moreimport and export utilities,
aswell asadvanced 3D visualization and scene cre-
ation cagpabilities.

ERDASIMAGINE stheworld’s leading geospatial
dataauthoring software. Important Featuresof ERDAS
IMAGINE are,

e Easytolearn
e Increaseproductivity

e Accuracy
e Unpardldedflexibility
e [t’s from ERDAS, the inventor of commercial re-

mote sensing software

ERDASIMAGINE performsthe advanced remote

sensing anaysisand spatid modelingto createnew in-
formation. In addition, withERDASIMAGINE, re-
sultsin 2D, 3D, moviesare visualized, and on carto-
graphic quality map compositionsarea so formed.

M ethodol ogy

The methodol ogy for the estimation of carbon se-
guestration potential of forest comprise of both the
dlomatriccdculaionandthesate liteimageca culaion
using NDV | andysis, the combined workflow of both
method isshownin Figure-2.

Inthisproposed study, initidly, map of different for-
est typesisprepared from satelliteimages. Imagesare
processed using Gl S softwaretechniqueasvisudly in-
terpreted on screen and classified based on theinter-
pretation key prepared by ground observationsfor a
set of sample points (ground truthing) and attributed to
the corresponding vegetation types. These mapsare
findized after thorough field study.

e Snoivonmental Science
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Thebiomassareestimated usng NDV | values cor-
rected withfield data. NDV | arecal cul ated from satel -
liteimagesusing GI S softwareand thefield estimation
of aboveground biomassusing allometric equationg*?.
Below ground biomass are estimated using adefault
conversion factor of 0.26 of above ground biomass.
Carbon estimation from the biomass can be cal culated
based on Koch (1989) and theminimum valueof 0.43
are adopted asthe conversion

Themethodology involved thefollowing steps,

Geometric corrections.
Supervised classfication.
NDVI analyss.
Fedinventory.
Allometriccdculations.

Geometriccorrections

Raster dataiscommonly obtained by scanning maps
or collecting aerial photographsand satelliteimages. In
order to usethesetypesof raster datain conjunction
with other spatid data, it isoften needed to georeference
to amap coordinate system. When the georeference or
orthorectify raster, it isdefined how thedataissituated
inthemap coordinates. Thisprocessincludesassigning
acoordinate system that associatesthe datawith aspe-
cificlocationonearth. Thistransformation of raster data
alowsit to beviewed queried and andyzed with other
geographic data. Geometric correctionincludesthefol-
lowing steps,

e Choosing map coordinate systems.

e Transforming theraster with ageometric modd.
e Resamplingtheraster.

Supervised classification

With supervised dassfication, areidentify informa-
tion classes(i.e., land cover type) of interestintheim-
age. Thesearecalled “training sites”. The image pro-
cessing software systemisthen used to develop asta
tistical characterization of thereflectancefor eachin-
formation class. Thisstageisoften called as““signature
anadysis’ and involve developing a characterization as
smpleasthe mean or therange of reflectance on each
bands or ascomplex asdetailed analysis of the mean,
variance and covarianceover all bands.

Mosaicing
Thisisthe process of assembling adjacent areas
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aeria or space photographs or images whose edges
have been matched to form acontinuous pictoria rep-
resentation of aportion of theearth surface.

Masking
Theprinciplebehindsthemask techniqueistomul-
tiply the sourceimage by the mask imagethat contains

two values, onefor preserved valuesand zero for un-
desired aress.

NDVI analysis

The Normalized Difference Vegetation Index
(NDVI) dataprovidesanumerica vauetothereative
amount of live green vegetation. Throughthe ENVI
Program, we created the NDV | Image with bands 3
and 4 (Red and IR) from the ERTS Satellite of the
Landsat Programimagesby usingtheformulaof (NIR-
Red/NIR+Red).

Below the NDV I Sub-set images, adensity slice
study of the respective sub-sets providescolor differ-
entiated digital data. Thedataisenhanced through den-
sity slicing and ismoreeasily interpreted through the
dicing of theNDV 1 bandsinto ranges. In our model,
greenindicatesarea’s of the highest NDVI produced
density of vegetative growth, followed by red, and fi-
naly yellow containingtheleest rel ative vegetation.

With the advent of satelliteremote sensing it has
become possibleto understand the green leaf concen-
tration or chlorophyll status of vegetation for alarge
areaof theearth surfacewith thehelp of asingledigita
image. Out of the numerous Digital Image Processing
techniques(likeTNDVI, V1 etc.) used; NDV1 (or Nor-
malized Difference Vegetation Index) happensto bethe
most widely used techniqueto help understand theveg-
etation health status. Thistechniquenot only highlights
thevegetated areas of animagebut alsogivesanidea
regarding asto how healthy the plantsare.

The basic equation behind this operation can be
expressed as.

NDVI =(NIR-R)/(NIR +R) 2
where, NIR = Near Infrared Band value, R=Red
Band vaue, recorded by the satellite sensor.

Fied inventory
Ground validation

Verification of the classified image hasbeen done
by thefield data collected at different sitesusing GPS
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withan accuracy of 9feset.
DBH measur ement

Diameter at breast height, or DBH, is a standard
method of expressngthediameter of thetrunk or bole of
a standing tree. DBH is one of the most common
dendrometric measurements.

On doping ground, the“above ground” reference
point isusualy taken asthe highest point ontheground
touching thetrunk, but some usethe average between
the highest and lowest points of ground. If the DBH
point fallsonasweling inthetrunk itiscustomary to
measurethe girth below the swelling at the point where
thediameter issmaledt.

Thetwo most common instruments used to mea-
sureDBH areagirthing (or diameter) tgpeand callipers.

A girthingtapeactualy measuresthegirth (circum-
ference) of thetree; thegirthing tapeiscalibrated in
divisonsof m centimetres (3.14159 cm), thus giving a
directly converted reading of thediameter. Caliperscon-
sist of two paralel armsone of whichisfixed and the
other ableto slidealong ascale. Callipersare held at
right-anglesto thetrunk with thearmson either sde of
thetrunk. Electronic callipersared so availableenabling
highly accurate measurementsto be taken and stored
for further andysis.

Collection of soil samples

An anays sbased on theWal kley-Black methodis
arapid and effectivemeansfor determining theorganic
carbon, e ementa carbon and total organic carbon con-
tent of urban aerosol samples collected on glassfibre
and teflon-backed glassfibrefilters. Theestimated ac-
curacy of the method is + 18%, ?33% and ?8% for
OC, ECand TOC, respectively, theprecisonis+7%,
+21% and 4%, and the detection limit 0.33 pg m,
0.54 pg m=and 0.29 ug m.

Soilsand sediments contain alargevariety of or-
ganic materid sranging from smplesugarsand carbo-
hydratesto the more complex proteins, fats, waxes,
and organic acids. Important characteristicsof theor-
ganic matter includetheir ability toform water-soluble
and water insol uble complexeswith meta ionsand hy-
drousoxidesinteract with clay mineralsand bind par-
ticlestogether; sorb and desorb both naturally-occur-
ring and anthropogeni cally-introduced organic com-
pounds; absorb and rel ease plant nutrients; and hold
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water inthesoil environment.

Soil and sediment total organic carbon (TOC) de-
terminationsaretypically requested with contaminant
analyses as part of an ecological risk assessment data
package. TOC contents may be used qualitatively to
assessthe nature of the samplinglocation (e.g., wasa
depositional area) or may be used to normalize por-
tionsof theandytical chemistry dataset (e.g., equilib-
rium partitioning).

Allometricequations

Thedlometric Equationsused for theca culaion of
carbon sequestration potentia of different forest types
using DBH measurement isgiven below!*2,

For gbh 30-50 ¢cm (r2 =0.79); Equation =—-0.191 +

0.004936 * GBH +0.01222 * length 3
For gbh 51-100 ¢m (r2 = 0.83); Equation =-0.609 +
0.008246 * GBH + 0.0409 * length 4

For gbh 101-150 cm (r2 = 0.80); Equation =-2.328 +
0.01902* GBH +0.103* length
For gbh 151-200 cm (r2 =0.83); Equation =—4.771 +

©)

0.02683* GBH + 0.211 * length (6)
For gbh>201cm (r2=0.96); Equation =-13.194 +
0.05515* GBH +0.368* length )

Thedlometric Equationsused for theca culaion of
carbon sequestration potentia of different forest types
usngNDV I vaues,

T,(x)=0.8+0.02* Topt(x) - 0.0005* [Topt,(X)] (8)
T,(x,t)=C*{1/[1+exp[0.2* (Topt(x)-10-T (x,t)]
]*1/{1 + exp [0.3*(- Topt(x)-10+T(x,t)]} 9

T,,T,—suitability of Temperature

C- constant = 1.19

T(X,t) - mean monthly temperature = 32°c

Topt- mean Temperature during the month of
maximum NDV | = 30°c.

W(x,t) =05+EET(x,t)/ PET(X,t), (20
W —Scalars representing the availability of water.
EET — Estimated Evapotranspiration = 128.1.
PET — Potential Evapotranspiration=106.1.
Thevauvesof EET & PET isgiven by Penman

Monteith equations using the present climatic condi-

tions.

E=¢T T,W (gMJ?)
¢—The light efficiency
¢l - Typica maximum conversion factor for above

ground Biomass=2.5

Biomass=¢* NDVI * PAR

(11)

(12)
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PAR =0.51for Tropical Forest.
Carbon Sequestration Potential =Biomass* 0.43  (13)

Thusthe Carbon Sequestration Potential of differ-
ent Natural Forest typewas cal culated by the conver-
sionfactor 0.43.

Here

NPP=net primary production

APAR =Absorbed Photo-synthetically Active Ra
digion

LUE =Light UseEfficiency factor

PAR = Photo-synthetically Active Radiation

Mathematical representation of thealgorithms
used

A theoretical summary of thestepsinvolvedinthe
cal culation of biomassfrom remote sensng dataisas
outlined below:

NDVI = f(Band 4, Band 3) Ref. (14)
Biomass = f(APAR) (W/m2) (15
FPAR = f(NDVI) (16)

PAR = f (K?) (W/m2) for clear ky and Tropical countries

PARis0.51 (17)

Biomass= APAR* g(g/M.J) (18)
Wheree =light use efficiency

£=£2*T1*T2*W (g/MJ) (19

Wheree® = globally uniform maximum (2.5g/MJ)
and T1 and T2 relateto plant growth regul ation (accli-
mation) by temperature

Where T2=1.185* {1+exp (0.2Topt-10-Tmon)}-
1*{1+exp
(-0.3Topt-10+Tmon)}-1. (20
RESULTSANSDISCUSSIONS

The present study iscarried out with anew meth-
odol ogy for the estimation of Carbon Sequestration Po-
tential of different Natural forest typesusing both the
DBH measurementsand theNDV | andyssof satellite
imagery through thedlometric equations. Inthispresent
study, aclassifiedimageiscreated usng LISSIV im-
age. Theclassified imageisdistributed mainly among
four vegetation classesnamely Evergreen, Semi-Ever-
green, Deciduousforestsand Grassands. Semi-Ever-
green forest wasfound to be the most prominent type
of forest with an area of 5624 hectares followed by
Evergreen and Deciduousforest with areas 1472 and
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3547 hectaresrespectively. The classified imagewas
validated using field datacollected a different Sites.

Different typesof forest have different biomass.
Theoretically theorder should be, Evergreen > Semi-
Evergreen > Deciduous> Grassand.

Carbon sequestration map of ever green forest

The Carbon Sequestration map of Evergreen For-
est in Neyyar wild life sanctuary isgiven below in
Figure3

] GArbON Sequestration magp of
Ewergreen Forest

::.E.-—.; "

Figure3: Carboh Sequestration M ap of Evergreen Foréﬂ
Carbon sequestration map of semi-evergreen
forest

The Carbon Sequestration map of Semi-Evergreen
Forest in Neyyar wild lifesanctuary isgiven below in
Figure4,

ICarbon Sequestration Map of N
Semi-Evergreen Forest _ . ){{"
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Figure4: Carbon Sequestration Map of Semi-Evergreen
Forest
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Carbon sequestration map of decidousforest

The Carbon Sequestration map of Decidous For-
estinNeyyar wildlifesanctuary isgivenbelow inFig-
ures,

Carbon Seguesiration Map of
Decidowes, scrub woodland & grassland

-

e N

" i 5 i g 1 .
Figure5: Carbon Sequestration M ap of Deciduous, Scrub
Woodland & Grasdand.

Carbon sequedtration potentia using conventional
methods

The Carbon Sequestration Potential of different
Natural Forest typesusing DBH measurement and Al-
lometric caculaionsisgiven below,

T

Carbon sequestration potential usngremote
sensing method

Thenumber of pixelsin Evergreen, Semi-Evergreen
and Deciduous forests was found to be as 229769,
844922, 201291 respectively. The biomass of grass-
landshasn’t been considered as they emanated nega-
tivevaluesfor NDVI map. Thismay have happened
dueto the presence of rocky terrain and other exposed
aress.

The Carbon Sequestration Potential of different
Natural Forest typesusing NDV | andysisand Allom-
etriccdculationsisgiven below,

Soil organiccarbon

The percentage of Soil Organic Carbon Presentin
different natural forest typesisgiven below, (wakley
and Black method)

e Evergreen Forest = 19.53%
e Semi-Evergreen Forest = 16.43%
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TABLE 4: Conventional methods.

Forest Types Area(Hectares) Carbon(;[)?]t:'sl/hectare)
Evergreen
Forest
Semi-
Evergreen
Forest
Grassand,
Scrub
Woodland &
Decidous
Forest

1472 7448.32

5624 4336.11

3547 2419.54

TABLE5: RemoteSensng M ethod.

Forest Types Area(Hectares) Car bon(;[)?]t:sl/hectar €)
Evergreen
Forest 1472 9682.44
Semi-
Evergreen 5624 3887.49
Forest
Grasdand,
Scrub
Woodland & 3547 908.83
Decidous
Forest

e DecidousForest = 15.43%
CONCLUSIONS

Thecarbon sequestration potentid of different natu-
ra forest typesin Neyyar Wildlife Sanctuary isobtained.
From that obtained valuesin tones/ hectare, we can
cal culate the present carbon budget in the neyyar wild-
life sanctuary are calcul ated. Thusthe present carbon
budget for entire study area has been found as,
14478.76 tones/hectare with the advent of remote sens-
ing techniques. Remotdy sensad datahigh performance
processing of software could help to get the carbon
budget from the Western Ghatsregion. From thiswe
concluded that thistechnol ogy could be useful to esti-
mate the carbon budget for entireWestern Ghatsand
foresinindia
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